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Abstract 

Objective: Recently, salusin-p has been reported to have pro-atherosclerotic effects, but salusin-a has anti-atherosclerotic 
effects. Our previous study has shown that salusin-p but not salusin-a promotes vascular inflammation in apoE-deficient 
mice. However, the underlying mechanism remains unknown. In this study, we observed the effect of salusins on 
inflammatory responses and the MAPK-NF-kB signaling pathway in human umbilical vein endothelial cells (HUVECs). 

Methods and Results: HUVECs were incubated with different concentrations of salusin-a and salusin-p. The levels of 
interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) were determined using enzyme-linked immunosorbent assay (ELISA). 
The mRNA expressions of vascular cell adhesion molecule-1 (VCAM-1) and monocyte chemoattractant protein-1 (MCP-1) 
were quantified using quantitative real-time polymerase chain reaction (PCR). The protein expressions of VCAM-1, MCP-1, I- 
KBa, NF-kB, p-JNK and p-p38 MAPK were measured using western blotting analysis. Our results showed that in HUVECs, 
salusin-p could up-regulate the levels of IL-6, TNF-a, VCAM-1 and MCP-1, promote l-KBa degradation and NF-kB activation, 
and increase the phosphorylation of JNK and p38 MAPK. These effects could be inhibited by p38 MAPK inhibitor SB203580 
and/or JNK inhibitor SP6001 25. In contrast, salusin-a could selectively decrease VCAM-1 protein, but did not show any effect 
on the expressions of VCAM-1 mRNA, TNF-a, IL-6, MCP-1, l-KBa, NF-kB, p-JNK or p-p38 MAPK. 

Conclusion: Salusin-p was able to promote inflammatory responses in HUVECs via the p38 MAPK-NF-kB and JNK-NF-kB 
pathways. In contrast, salusin-a failed to show any significant effects on the inflammatory responses in HUVECs. These 
results provide further insight into the mechanisms behind salusins in vascular inflammation and offer a potential target for 
the prevention and treatment of atherosclerosis. 
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Introduction 

In humans, the vascular endothelium is composed of a single 
layer of endothelial cells located on the interior surface of blood 
vessels. Vascular endothelium is not only a barrier between the 
circulating blood and the vessel wall but also a target site for 
various injury factors. Endothelial dysfunction is considered to be 
a key early step in the development of atherosclerosis [1]. After 
endothelial damage, plasma lipids, especially low density lipopro- 
teins (LDL), enter the subendothelial layer and become oxidized. 
When this occurs, injured endothelial cells have the ability to 
synthesize and express various types of pro-inflammatory factors, 
such as vascular cell adhesion molecule-1 (VCAM-1), monocyte 
chemoattractant protein-1 (MCP-1), interleukin-6 (IL-6) and 
tumor necrosis factor-a (TNF-a), which contribute to the adhesion 
and migration of monocytes and the subsequent formation of foam 



cells [2-4] . Therefore, vascular endothelial inflammation plays an 
important role in the development of atherosclerosis. 

Salusins are newly identified endogenous vasoactive peptides 
first discovered by Shichiri et al. in 2003 [5] . They are composed 
of two related peptides, salusin-a and salusin-P, produced from the 
same precursor, prosalusin. Serum salusin-a levels are significandy 
decreased in patients with coronary atherosclerosis [6-7]. Macro- 
phage foam cell formation is markedly promoted by salusin-P but 
inhibited by salusin-a [6]. In addition, we and others have 
reported that chronic salusin-P infusion aggravates atherosclerotic 
lesions and that chronic salusin-a infusion alleviates atherosclerotic 
lesions in apolipoprotein E (apoE)-deficient mice and LDL 
receptor (LDLR)-deficient mice [8-10]. These findings suggest 
that salusin-P may contribute to the development of atheroscle- 
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rosis, while salusin-oc may be beneficial for the prevention of 
atherosclerosis. 

Due to their important roles in the development of atheroscle- 
rosis, it is necessary to explore the underlying mechanisms behind 
salusin-oc and salusin-(3. It has previously been reported that 
salusin-p 1 accelerates the development of atherosclerosis by up- 
regulation of scavenger receptors and acyl-CoAxholesterol acyl- 
transferase- 1 (ACAT1) and by increasing foam cell formation and 
that salusin-oc exerts anti-atherosclerotic effects by decreasing 
serum total cholesterol levels and by suppressing AC ATI 
expression and foam cell formation [6,8]. Because vascular 
endothelial inflammation is an initial factor in atherosclerosis, we 
hypothesize that salusin-oc and salusin-P regulate the development 
of atherosclerosis by influencing vascular endothelial inflamma- 
tion. We and others have confirmed that salusin-P promotes 
vascular inflammation and that salusin-oc has no significant effect 
on vascular inflammation in apoE-deficient mice or LDLR- 
deficient mice [10,11]. However, the underlying mechanisms for 
how the salusins affect vascular endothelial inflammation remain 
unclear. Therefore, the aim of the present study is to clarify the 
effect of the salusins on the MAPK-NF-kB signaling pathway 
using cultured human umbilical vein endothelial cells (HUVECs). 
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Materials and Methods 

Cell culture 

HUVECs were purchased from the Chinese Academy of 
Sciences (Shanghai, China) and cultured in DMEM medium 
(GIBCO, Invitrogen, NY, USA) containing 10% neonatal bovine 
serum (Hangzhou Sijiqing Biological Engineering Materials Co., 
Ltd., Hangzhou, China) in a humidified 37°C incubator with an 
atmosphere of 95% air and 5% C0 2 . 

Drug treatment 

To explore the effect of salusin-oc, HUVECs were divided into 3 
groups: (1) normal control; (2) lipopolysaccharide (LPS), where 
cells were stimulated with 10 Hg/ml LPS for the indicated time; 
and (3) salusin-oc, where cells were stimulated with 10 |_lg/ ml LPS 
after preincubation with 10, 1 and 0.1 nM salusin-oc for 24 h. 

To explore the effect of salusin-fi, HUVECs were divided into 5 
groups: (1) normal control; (2) vehicle, where cells were treated 
with 0.1% dimethyl sulfoxide (DMSO); (3) salusin-P, where cells 
were treated with 10, 1 and 0.1 nM salusin-P for 24 h; (4) 
SB203580+Salusin-P 10 nM, where cells were preincubated with 
10 |0.M SB203580, a p38 MAPK inhibitor, for 2 h and then 
treated with 10 nM salusin-P for 24 h; and (5) SP600125+Salusin- 
P 10 nM, where cells were preincubated with 20 \lM SP600125, a 
JNK inhibitor, for 2 h and then treated with 10 nM salusin-P for 
24 h. The concentrations of SB203580 and SP600125 were 
chosen according to previous studies [12-14]. 
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Figure 1. Effects of salusins on the levels of IL-6 and TNF-a in the supernatant of HUVECs. After treatment with salusin-oc or salusin-p, the 
supernatant of cultured HUVECs were collected. The levels of IL-6 and TNF-oc were determined using an enzyme-linked immunosorbent assay (ELISA). 
Sal-cc: salusin-oc; Sal-P: salusin-p. The results are presented as the mean ± SD of n = 5 independent experiments. $$ P<0.01 vs. control group; *P<0.05, 
**P<0.01 vs. DMSO group; #P<0.05, # *P<0.01 vs. 10 nM Sal group. 
doi:10.1371/journal.pone.0107555.g001 
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Figure 2. Effects of salusins on the expressions of VCAM-1 and MCP-1 mRNA in HUVECs. After treatment with salusin-a or salusin-p, total 
RNA was extracted from the cultured HUVECs. The amounts of VCAM-1 and MCP-1 mRNA were determined using real-time quantitative PCR analysis. 
Sal-cc salusin-a; Sal-(3: salusin-fi The results are presented as the mean ± SD of n = 6 independent experiments. P<0.01 vs. control group; *P<0.05, 
**P<0.01 vs. DMSO group; #P<0.05, ## P<0.01 vs. 10 nM Sal group. 
doi:10.1371/journal.pone.0107555.g002 



Enzyme-linked immunosorbent assay (ELISA) 

The levels of IL-6 and TNF-ot in the HUVEC culture 
supernatants (n = 5) were measured with ELISA kits according 
to the manufacturer's instructions (Shanghai Westang Biotechnol- 
ogy Co. Ltd, Shanghai, China). Briefly, 100 |ji of the blanks, 
standards or samples were added appropriately to coat wells in 96- 
well plates and incubated at 37°C for 2 h. After the addition of the 
biotinylated antibody, the plates were incubated at 37°C for 1 h, 
and HRP-conjugated antibody was added and incubated at 37°C 
for 30 min. Next, HRP substrate 3, 3', 5, 5'-tetramethylbenzidine 
solution was added and incubated at 37°C for 15 min in darkness. 
The reaction was terminated with stopping solution. Finally, the 
resulting yellow color was read at 450 nm using a microplate 
reader (128ce, Clinibio, ASYSHitch GmbH, Austria). 

Real-time quantitative polymerase chain reaction (PCR) 

HUVEC total RNA (n = 6) was isolated using a Trizol reagent 
kit (Invitrogen, USA) and transcribed into cDNA using a high- 
capacity cDNA reverse transcription kit (Applied Biosystems, 
Foster City, USA). Real-time PCR analysis was performed using 
the Roche 480 LightCycler detection system using the GoTaq 
qPCR Master Mix Kit (Promega, Madison, WI, USA). Each 
sample was analyzed in triplicate. The PCR primers used were as 
follows: MCP-1:5'-TTC TGT GCC TGC TGC TCA T-3' 
(forward) and 5'-GGG GCA TTG ATT GCA TCT-3' (reverse); 
VCAM-1: 5'-TCC CTA CCA TTG AAG ATA CTA-3' 
(forward) and 5'-GCT GAC CAA GAC GGT TGT ATC-3' 
(reverse) and; fj-actin: 5'-GAG ACC TTC AAC ACC CCA GC- 
3' (forward) and 5'-ATG TCA CGC ACG ATT TCC C (reverse). 



The relative expression levels of MCP-1 and VCAM-1 were 
normalized to P-actin. 

Western blotting analysis 

The total or nuclear proteins (n = 3) were extracted using 
commercially available kits according to the manufacturer's 
protocol. Protein concentration was determined using the BCA 
protein assay kit (Beyotime institute of Biotechnology, China). 
Protein samples were analyzed using SDS-polyacrylamide gel 
electrophoresis (PAGE) followed by semi-dry transfer onto a 
PVDF membrane. The blots were then blocked with 5% nonfat 
milk and incubated with the appropriate primary antibodies, 
followed by incubation with a secondary antibody conjugated to 
alkaline phosphatase (Zhongshan Golden Bridge Biotechnology 
Co., Beijing, China). Immunoreactive bands were detected using a 
BCIP-NBT kit (Promega, Madison, WI, USA). The primary 
antibodies used were anti- VCAM-1 from Santa Cruz Biotechnol- 
ogy, Inc. (CA, USA), anti-MCP-1 from Boster Biological 
Technology, Ltd. (Wuhan, China), and anti-NF-KB, anti-inhibi- 
tory kBoc, anti-p-JNK and anti-p-p38 MAPK from Abeam 
(Cambridge, UK). 

Statistical analysis 

All of the results are shown as the mean ± SD of n independent 
experiments. Statistically significant differences of the experimen- 
tal data were assessed with one-way ANOVA followed by the 
Student-Newman-Keuls test. A value of P<0.05 was considered 
statistically significant. 
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Figure 3. Effects of salusins on the protein expressions of VCAM-1 and MCP-1 in HUVECs. After treatment with salusin-a or salusin-p, the 
total protein was extracted from the cultured HUVECs. The expressions of VCAM-1 and MCP-1 were determined using western blot analysis. Sal-a: 
salusin-a; Sal-p: salusin-p. The results are presented as the mean ± SD of n = 3 independent experiments. S$ P<0.01 vs. control group; & P<0.05 vs. LPS 
group; **P<0.01 vs. DMSO group; # P<0.05, ## P<0.01 vs. 10 nM Sal group. 
doi:1 0.1 371 /journal.pone.01 07555.g003 



Results 

Effects of salusins on the levels of IL-6 and TNF-a in the 
supernatant of HUVECs 

As shown in Fig. 1A and B, after stimulation with LPS, the 
levels of IL-6 and TNF-a in the supernatant of HUVECs were 
significantly elevated (P<0.01); however, we did not observe an 
effect of salusin-oc on LPS-induced production of IL-6 and TNF-a. 
Fig. 1C and D shows the effect of salusin-P on the levels of IL-6 
and TNF-a. Salusin-P could promote the release of IL-6 and 
TNF-a from HUVECs (P<0.05, P<0.01). Moreover, p38 MAPK 
inhibitor SB203580 andJNK inhibitor SP600125 could inhibit the 
production of TNF-a but not IL-6 induced by salusin-p. 



Effects of salusins on the expressions of VCAM-1 and 
MCP-1 mRNA in HUVECs 

As shown in Fig. 2A and B, salusin-a had no obvious influence 
on the LPS-induced up-regulation of VCAM-1 and MCP-1 
mRNA in HUVECs. Fig. 2C and D shows that salusin-P was 
capable of increasing the expressions of VCAM-1 and MCP-1 
mRNA in HUVECs (P<0.05, P<0.01), which were suppressed 
by SB203580 and SP600125 (P<0.05, P<0.01). 

Effects of salusins on the protein expressions of VCAM-1 
and MCP-1 in HUVECs 

As shown in Fig. 3A-C, in LPS-stimulated HUVECs, the 
protein expressions of VCAM-1 and MCP-1 increased signifi- 
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Figure 4. Effects of salusins on the protein expressions of NF-kBp65 and I-kBi; in HUVECs. After treatment with salusin-a or salusin-B, the 
nuclear protein or total protein was extracted from the cultured HUVECs. The expressions of NF-KBp65 and l-KBa were determined using western blot 
analysis. Sal-a: salusin-a; Sal-B: salusin-B. The results are presented as the mean ± SD of n = 3 independent experiments. S$ P<0.01 vs. control group; 
*P<0.05, **P<0.01 vs. DMSO group; #P<0.05, ## P<0.01 vs. 10 nM Sal group. 
doi:10.1371/journal.pone.0107555.g004 



cantly (P<0.01). Salusin-a could inhibit LPS-induced up-regula- 
tion of VCAM-1 (P<0.05) but not MCP-1. In addition, after 
treatment with salusin-P, the protein expressions of VCAM-1 and 
MCP-1 enhanced markedly (P<0.01), but p38 MAPK inhibitor 
SB203580 and JNK inhibitor SP600125 could suppress the up- 
regulation of VCAM-1 and MCP-1 induced by salusin-P (P<0.05, 
P<0.01, Fig. 3D-F). 

Effects of salusins on the protein expressions of NF- 
KBp65 and I-kBk in HUVECs 

As shown in Fig. 4A-C, LPS increased the protein expression of 
nuclear NF-KBp65 in HUVECs but decreased the expression of I- 
KBa. Salusin-a had no effect on the protein expressions of NF- 
KBp65 and I-KBa in LPS-stimulated HUVECs. However, salusin- 
(3 treatment resulted in the obvious up-regulation of NF-KBp65 



and down-regulation of I-kB<x (P<0.05, P<0.01, Fig. 4D-F), 
which was antagonized by SB203580 and SP600125 (P<0.05, P< 
0.01). 

Effects of salusins on the protein expressions of p-JNK 
and p-p38 MAPK in HUVECs 

As shown in Fig. 5A— C, the up-regulation of p-JNK and p-p38 
MAPK induced by the LPS was not inhibited by salusin-a. The 
effects of salusin-P on the protein expressions of p-JNK and p-p38 
MAPK are shown in Fig. 5D-G. Salusin-P treatment showed 
increased phosphorylations of JNK and p38 MAPK, which were 
inhibited by SP600125 (P<0.05) and SB203580 (P<0.05), 
respectively. 
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Figure 5. Effects of salusins on the protein expressions of p-JNK and p-p38 MAPK in HUVECs. After treatment with salusin-a or salusin-p, 
the total protein was extracted from the cultured HUVECs. The expressions of p-JNK and p-p38 MAPK were determined using western blot analysis. 
Sal-a: salusin-a; Sal-p: salusin-p. The results are presented as the mean ± SD of n = 3 independent experiments. S P<0.05, $S P<0.01 vs. control group; 
*P<0.05 vs. DMSO group; *P<0.05 vs. 10 nM Sal group. 
doi:10.1371/journal.pone.0107555.g005 



Discussion 

The salusins are a new class of vasoactive peptides identified by 
Shichiri et al. in 2003 and include salusin-a and salusin-p 1 [5]. Our 
previous study demonstrated that salusin-p 1 but not salusin-a 



promoted vascular inflammation in apoE-deficient mice [10]. 
However, the underlying mechanisms of how salusins affect 
vascular inflammation requires further research. In the present 
study, we showed that salusin-fi could promote inflammatory 
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responses in HUVECs and that its underlying mechanisms could 
be attributed to, at least in part, the activation of the p38 MAPK/ 
NF-kB and JNK/NF-kB pathways. In contrast, salusin-a had no 
obvious effect on the LPS-induced inflammatory response in 
HUVECs. 

Accumulating evidence supports the theory that atherosclerosis 
is a chronic inflammatory disease and that injury of vascular 
endothelial cells is one of the earliest events in atherosclerosis [1- 
3]. Impaired endothelial cells can express various adhesion 
molecules (VCAM-1, ICAM-1, and selectins) and chemokines 
(MCP-1) that promote the recruitment of monocytes and lead to 
subsequent foam cell formation [15-17]. Meanwhile, impaired 
endothelial cells and foam cells can release proinflammatory 
cytokines such as IL-6 and TNF-oc, which can enlarge vascular 
inflammation and accelerate the development of atherosclerosis 
[18,19]. Our present study showed that salusin-P increased the 
levels of IL-6 and TNF-a and up-regulated the expressions of 
VCAM-1 and MCP-1 in HUVECs, indicating that salusin-P could 
promote inflammatory responses in HUVECs. This result is 
consistent with our previous study, which showed that salusin-P 
promoted vascular inflammation in apoE-deficient mice [10]. In 
addition, the effect of salusin-P on the expressions of TNF-a, 
VCAM-1, and MCP-1 could be inhibited by SB203580, a p38 
MAPK inhibitor, and SP600125, a JNK inhibitor. This demon- 
strates that p38 MAPK and JNK pathways may be involved in the 
pro-inflammatory effects of salusin-P in HUVECs. However, the 
increased IL-6 level induced by salusin-P was not suppressed by 
SB203580 or SP600125, suggesting that a different pathway may 
exist for salusin-P to promote the release of IL-6 from HUVECs. 
In addition, salusin-a was shown to selectively decrease VCAM-1 
protein but not VCAM-1 mRNA, TNF-a, IL-6 or MCP-1, 
implying that salusin-a had littie effect on the inflammatory 
response in HUVECs. This finding was supported by our previous 
reports showing that salusin-a had no obvious influence on 
vascular inflammation in apoE-deficient mice [10]. 

The expression of pro-inflammatory cytokines such as IL-6 and 
TNF-a is regulated by a key transcription factor, NF-kB. In its 
inactive form, NF-kB is bound to the inhibitor of kB (I-kB) in the 
cytoplasm. In response to diverse stimuli, I-kB is phosphorylated, 

References 

1 . Bonctti PO, Lcrman LO, Lcrman A (2003) Endothelial dysfunction: a marker of 
atherosclerotic risk. Artcriosclcr Thromb Vase Biol 23: 168-175. 

2. Ross R (1999) Atherosclerosis-an inflammatory disease. N Engl J Med 340: 
115-126. 

3. Hansson GK (2009) Inflammatory mechanisms in atherosclerosis. J Thromb 
Hacmost 7 Suppl 1: 328-331. 

4. Bui QT, Prempeh M, Wilcnsky RL (2009) Atherosclerotic plaque development. 
IntJ Biochem Cell Biol 41: 2109-2113. 

5. Shichiri M, Ishimaru S, Ota T, Nishikawa T, Isogai T, et al. (2003) Salusins: 
newly identified bioactive peptides with hemodynamic and mitogenic activities. 
Nat Med 9: 1166-1172. 

6. Watanabc T, Nishio K, Kanomc T, Matsuyama TA, Koba S, ct al. (2008) 
Impact of salusin-alpha and -beta on human macrophage foam cell formation 
and coronary atherosclerosis. Circulation 117: 638-648. 

7. Watanabc T, Suguro T, Sato K, Koyama T, Nagashima M, et al. (2008) Serum 
salusin-alpha levels are decreased and correlated negatively with carotid 
atherosclerosis in essential hypertensive patients. Hypcrtens Res 31: 463—468. 

8. Nagashima M, Watanabe T, Shiraishi Y, Morita R, Terasaki M, et al. (2010) 
Chronic infusion of salusin-0( and -p 1 exerts opposite effects on atherosclerotic 
lesion development in apolipoprotein E-deficient mice. Atherosclerosis 212: 70- 
77. 

9. Zhou CH, Liu LL, Wu YQ, Song Z, Xing SH (2012) Enhanced expression of 
salusin-P contributes to progression of atherosclerosis in LDL receptor deficient 
mice. Can J Physiol Pharmacol 90: 463-471. 

10. Zhou CH, Liu L, Liu L, Zhang MX, Guo H, ct al. (2014) Salusin-P Not Salusin- 
a Promotes Vascular Inflammation in ApoE-Dcficicnt Mice via the I-KBa/NF- 
KB Pathway. PLoS One 9: e91468 

1 1 . Koya T, Miyazaki T, Watanabc T, Shichiri M, Atsumi T, ct al. (20 1 2) Salusin-P 
accelerates inllammatory responses in vascular endothelial cells via NF-kB 



allowing NF-kB to translocate to the nucleus. Once in the nucleus, 
NF-kB binds to kB enhancer elements on target genes and 
promotes transcription [20]. In this study, salusin-P was found to 
significandy decrease I-KBa expression and to increase NF-KBp65 
expression. This effect of salusin-P was antagonized by SB203580 
and SP600125. These findings demonstrated that salusin-P 
promoted the degradation of I-KBa and the subsequent activation 
of NF-kB through the p38 MAPK and JNK pathways. In contrast, 
salusin-a had no effect on the LPS-induced down-regulation of I- 
KBa or the up-regulation of NF-kB, indicating that salusin-a had 
no influence on NF-kB activation. 

NF-kB can be activated by different pathways, including the 
p38 MAPK and JNK pathways [21-23]. To confirm the 
mechanism by which salusins regulate NF-kB activation, we 
directly observed the effect of salusins on the phosphorylation of 
p38 MAPK and JNK. Our results showed that salusin-P promoted 
the phosphorylation of p38 MAPK and JNK, which could be 
blocked by SB203580 and SP600125, respectively. These results 
confirmed that salusin-P could activate the p38 MAPK and JNK 
pathways. In contrast, salusin-a could not affect the phosphory- 
lation of p38 MAPK and JNK, and this indicated that salusin-a 
had no effect on the activation of the p38 MAPK and JNK 
pathways. 

In conclusion, the present study demonstrated that salusin-P 
could promote the inflammatory responses in HUVECs via the 
p38 MAPK-NF-kB and JNK-NF-kB pathways. In contrast, 
salusin-a had no significant effect on the inflammatory responses 
in HUVECs. Further studies on the anti-atherosclerotic mecha- 
nisms for salusin-a are needed. These results provide further 
insight into the mechanisms of salusins in vascular inflammation 
and offer a potential target for the prevention and treatment of 
atherosclerosis. 

Author Contributions 

Conceived and designed the experiments: CHZ YQW. Performed the 
experiments: JP HH YZZ MXZ. Analyzed the data: JP LL. Contributed 
reagents/materials/analysis tools: LLJP. Contributed to the writing of the 
manuscript: CHZJP. 



signaling in LDL receptor-deficient mice in vivo and HUVECs in vitro. 

Am J Physiol Heart Circ Physiol 303: H96-105 
12. Kumar A, Kingdon E, Norman J (2005) The isoprostane 8-iso-PGF2alpha 

suppresses monocyte adhesion to human microvascular endothelial cells via two 

independent mechanisms. FASEB J 19: 443-445. 
1 .3. Shi X, Siggins RW, Stanford WL, Melvan JN, Basson MD, ct al. (20 1 3) Toll-like 

receptor 4/ stem cell antigen 1 signaling promotes hematopoietic precursor cell 

commitment to granulocyte development during the granulopoietic response to 

Escherichia coli bacteremia. Infect Immun 81: 2197-2205. 

14. Rcuther-MadridJY, Kashatus D, Chen S, Li X, Wcstwick J, ct al. (2002) The 
p65/RclA subunit of NE-kappaB suppresses the sustained, antiapoptotic activity 
ofjun kinase induced by tumor necrosis factor. Mol Cell Biol 22: 8175-8183. 

15. Linton MF, Fazio S (2003) Macrophages, inflammation, and atherosclerosis. 
IntJ Obes Relat Metab Disord 27 Suppl 3: S35-40. 

16. Galkina E, Ley K (2007) Leukocyte influx in atherosclerosis. Curr Drug Targets 
8: 1239-1248. 

1 7. Doran AC, Meller N, McNamara CA (2008) Role of smooth muscle cells in the 
initiation and early progression of atherosclerosis. Artcriosclcr Thromb Vase 
Biol 28: 812-819. ' 

18. Libby P, Ridker PM, Maseri A (2002) Inflammation and atherosclerosis. 
Circulation 105: 11.35-1 143. 

19. Missiou A, Kostlin N, Varo N, Rudolf P, Aichele P, ct al. (2010) Tumor necrosis 
factor receptor-associated factor 1 (TRAF1) deficiency attenuates atherosclerosis 
in mice by impairing monocyte recruitment to the vessel wall. Circulation 121: 
2033-2044. 

20. Collins T, Cybulsky MI (2001) NF-kappaB: pivotal mediator or innocent 
bystander in atherogenesis? J Clin Invest 107: 255—264. 

21. Olcjarz W, BrykD, Zapolska-Downar D, Malecki M, Stachurska A, et al. (2014) 
Mycophenolic acid attenuates the tumour necrosis factor-ct-mediatcd proin- 



PLOS ONE | www.plosone.org 



7 



September 2014 | Volume 9 | Issue 9 | e1 07555 



Salusin-p Promotes HUVEC Inflammation via p38 MAPK/JNK-NF-kB Pathway 



llammatory response in endothelial eclls by bloeking the MAPK/NF-kB and 
ROS pathways. Eur J Clin Invest 44: 54-64. 
22. Lin ML, Lu YC, ChungJG, Wang SG, Lin HT, ct al. (2010) Down-regulation of 
MMP-2 through the p38 MAPK-NL-kappaB-dcpendent pathway by aloe- 



emodin leads to inhibition of nasopharyngeal carcinoma eell invasion. Mol 
Carcinog 49: 783-797. 
23. Ghosh J, Das J, Manna P, Sil PC (2009) Taurine prevents arsenic-induced 
cardiac oxidative stress and apoptotic damage: role of NF-kappa B, p.38 and 
JNK MAPK pathway. Toxicol Appl Pharmacol 240: 73-87. 



PLOS ONE | www.plosone.org 



8 



September 2014 | Volume 9 | Issue 9 | e1 07555 



